Data on transmission and distribution losses in some African countries on conventional cables show that Nigeria experiences the highest transmission and distribution losses (=6.81 x 10 15 kWh) among African countries and, certainly, among the highest in the world with per capita consumption of 0.03 kWh/person. The total installation cost comparison between conventional and superconducting cables (SC) has been done and the comparison of the losses in SC cables and the conventional ones has also been analyzed. Some of the parametric properties of superconducting materials and benefits of high temperature superconducting (HTS) cables are discussed. Transmission lines in Nigeria have been found to experience high voltages and very low voltages under light loading and high loading, respectively. It has also been found that with the use of HTS cables, these losses, which are mainly the I 2 R losses, are negligibly small and almost zero. It is also found that HTS cables would be panacea for these high transmission and distribution losses in Nigeria.
INTRODUCTION
A look at the World energy demand clearly shows that unless a radical energy policy is taken and implemented by every country of the world there will be a serious problem of energy crisis in the near future (Onuu, 1998) . Onuu (1998) re-examined existing data on World energy demand and found that the rate at which the World energy demand, E(t) is increasing is exponential and of the form E (t) = exp (bt), where t is time in years and and b are constants with values 433.3 and 0.024, respectively. However, the next serious challenges next to generation are transmission and distribution of electrical energy.
Transmission is the moving of electrical energy from the generating plants to bulk delivery point called the substation, from where it is delivered to consumers (distribution). The choice of transmission voltage depends on the amount of power to be transmitted and transmission distance.
Electricity can only be used after it has been generated, transmitted and distributed. If, therefore, there were inadequate distribution and transmission, even generated electric power would simply amount to wasted efforts. Onohaebi (2009) and Uchenna (2009) Figure 1 shows the different types of outages in Nigeria for 132 and 330 kV networks.
From Table 1 it is also observed that the planned outages on the 132 kV network recorded the highest value of only 7% while the remaining 93% were due to either forced outages or emergency/urgent outages. From Fig. 1 (Uchenna, 2009) , it is also clear that more outages were experienced in 2003-2005 along the 132kV network than along the 330kV network. Adeleye (1977) also stated that one of the problems associated with transmission and distribution of electricity in Nigeria was that transmission lines were unusually long with insufficient substations for control of voltages. Table 2 shows typical links in Nigeria and their respective networks. He proffered a solution that the 11kV lines should be limited to about 12km instead of 45km resulting in low voltage. The same observation was also made about the 33kV lines. However, this proffered solution might not be a panacea for the problem. According to Akin (2008) , Nigeria's electricity market dominated by the state-owned Power Holdings Company of Nigeria (PCHN), formally called National Electric Power Authority (NEPA), has been incapable of providing minimum acceptable international standards of electricity service, reliability, accessibility and availability for the past three decades. The nature of the poor record in electricity supply in the Nigerian network is clear in the trend in the transmission and distribution losses depicted in Fig. 2 . The low and unstable capacity utilization evident in average capacity utilization, of less than 40% for the most of the period, show the large gap between installed and actual operational capacity. Remarkably, despite the size of inoperable capacity, no new plant has been added to the grid since 1990. The installed power generation is 4,600MW, but the operational capacity is less than 3,000MW. This is made up of hydroelectric and gas-fired power generating plants (Akin, 2008) .
Electric power transmission and distribution losses in some African countries as at 2004 are shown in Table 3 . South Africa and Egypt generate total power of 45,000 and 18,000MW, respectively (Table 4) . Since losses are proportional to the quantity generated, it is not surprising that those losses in South Africa and Egypt as are high as 1.47 and 1.23 x 10 16 kWh, respectively. But Nigeria that generates only 4,600MW has 6.81 x 10 15 kWh losses. Thus, it is clear that Nigeria ranks first in electric transmission and distribution losses in Africa. Table 4 shows a comparative analysis of consumption of electricity for some countries in the world. From the table, Libya, for instance, with a population of only 5.5 million has generating capacity of 4,600MW. The same is applicable to Nigeria which has a population of 140 million (Emeka, 2008) .
High Temperature Superconducting Cables: Technology and Development Trend
According to Takato et al. (2005) , superconducting cables are expected as one of the solutions for the shortage of transmission capacity in metropolitan areas. Its merits, they stated, being large transmission capacity in compact dimension; small transmissions loss; no leakage of electromagnetic field to the outside of the cable; small impedance. Obviously, these features are effective for the improvement of reliability and economical competitiveness of electrical networks. The interest in the field of superconducting power cables dates back to the 1960s, but because conventional metallic superconductor requires helium as cooling medium, the cable system designs were unduly complex and cost prohibitive (Takato et al., 2005) . The interest in this field, however, was renewed following the discovery in 1986 at the Massachusetts Institute of Technology (MIT) of ceramic material with high temperature superconducting capabilities, which enabled the use of liquid nitrogen as cooling medium about 200 0 C. This marked the discovery of high temperature superconductivity. Liquid nitrogen is widely used in a variety of industrial applications, and is recognized as a cheap, abundant and environment friendly (Nexans, 2010) . More than 22 years, Greg Yurek's dream of utilizing high temperature superconductivity (HTS) technology in a power transmission cable in commercial grid finally came through in 1986. A year later, Yurek, in April, 1987, with three MIT Professors, founded American Superconductor Corporation (AMSC, 2009) . In spite of the initial challenge that faced him and AMSC to commercialize these problematic materials in flexible power cables, they remained undaunted. Their victory was announced in June 2008, when Yureh celebrated the commissioning of the world first transmission voltage HTS system at long island, New York, USA. Today many countries, powered by AMSC, produce ATS cables.
High temperature superconductor cables are ideal solutions for breaking the grid bottlenecks. They enable effective transmission and distribution of more energy, with minimal community in pact (AMSC, 2009). High temperature superconductor wire enables power transmission and distribution cable with three to five times the capacity of conventional underground AC cables and up to ten times the capacity of DC cables. They support general load growth, add controllability of power over meshed grid and are implemented with low environmental impact, and below are other advantages of the cable:
(a) The design of superconducting cables generally includes flexibility (Hull and Myers, 1992) . Superconductor cables can carry more power than the conventional cables; advantage gained with the use of flexibility. (b) Superconductor cables provide more reliability and security of power grid than the conventional cables. Smart controllable superconductor cables can make the power network in which they are installed self-protecting: able to adjust and automatically to disruptions in power network equipment caused by weather, willful the vandalizations of transmission cables which are common in our system. (c) The high capacity of super conductor cables allows 3 to 5 times the power for transmission systems and to 10 times the power distribution systems to be delivered at voltage or equivalent power delivered at reduced voltage. For instance, a superconductor cable operating at 11kV can have the same MVA rating than a 132kV cable (Hull and Myers, 1992 (Pickett, 2006) . The most important application of superconductivity is in the transmission of electrical energy through superconducting cables. Figures 3 and 4 show the symmetric cable design by Nexan, a French company, founded in 2000. It is the world's largest manufacturer of cables. It has an industrial presence in forty countries. Nexan uses its expensive experience in high voltage cable and accessories to manufacture super conducting cables, using existing industrial process.
HTS cables are capable of serving very large power requirement or the medium and high voltage ratings. The cables use tapes made of super conducting materials as current carrying element (Nexans, 2010) .
In superconducting materials, the superconducting state exists as long as temperature, current and magnetic field are below their critical values superconductor materials used in HTS cables are (BSCCO) and Y (YBCO). 
TOWARDS SOLVING THE PROBLEM OF TRANSMISSION AND DISTRIBUTION OF ELECTRIC POWER

Theoretical Consideration
According to Hull et al. (1989) , the major losses in a super conducting power transmission line include: current-dependent losses in superconductivity, voltagedependent losses in insulation, heat leakage of the cryogenic enclosure containing the cables and losses associated with pumping the cryogenic refrigerant. The first three losses, he observed, form the refrigeration systems, and the heat leakage into the enclosure and voltage dependent losses must be aborted regardless of the power carried by the cables.
However, for the four losses mentioned above, the current-dependent losses in the superconductor are the most difficult to calculate.
If there is a good control of the load power factor, the cable current is proportional to the power carried by the transmission system thus, the conductor loses very by roughly square of the power completely negligible, and this design criterion may be completely different. The dielectric losses per unit length are directly dependent on the capacitance and dissipation factor.
In AC superconducting cables, the dissipation factor must be especially low or low losses of the conductor will be swapped by the dielectric loss. These stringent requirements eliminate many candidate electrical insulation materials for flexible ac cables.
AC Losses
The current-dependent losses of a superconducting material in alternating fields can be predicted from theory only for well-prepared samples in fields parallel to the surface. In practical conductors, the losses can be substantially increased by surface roughness, large grain size, and the addition of materials to the superconductor. In addition, eddy current losses may occur in normal metal laminated to the superconductor.
Intrinsic Conductor Losses
Type-II super conductors transporting ac currents are subject to hysteresis loss, due to irreversible magnetization during a cycle. For power frequencies (<20 kHz), this loss is independent of frequency, f. Hull et al. (2008) states that the power loss per unit area Q for a slab of superconductor is, …………………………………….
(1) where is the maximum magnetic field at the surface of the conductor and is the critical current density which increases with H o and k is a constant that depends on geometry. If the superconductor is a slab, then ………………………………………… (2) In eqn. (2) = 4π H is the magnetic permeability of free space at any temperature T.
In some designs, the superconductor shells shield the conductor until superconductivity is lost. For any normal conductor in the system, which we assume to be flat slab, loss is dependent on the skin depth defined by, …………………………………...
(3) where ρ is the electrical resistivity, and ω is the angular frequency (= ). The power loss per unit area depends on the surface resistance, , and the peak surface magnetic field (Hull et al., 1989 ) is given by, ………………………………………..
(4) where depend on the thickness, of the conductor slab. In the limits of thick and thin conductors, …….....
2.3.
Scaling Law For a power transmission system it is important to design for low losses in order to minimize the weight penalty of the losses the refrigeration system required to remove this heat. If the loss minimization is the primary design constraint, then the scaling laws for the transmission system are very different from terrestrial system.
For a superconducting slab, the surface magnetic field is …………………………………………..
where is the thickness of the superconductor. Substituting eqns. (1) and (2) into (6) (Takato, 2005) Comparing 66kV, 3kA, 350MVA class cables it is shown that the loss of electric power using a superconductor cable is appropriately half of that when the conventional one is used. 
DISCUSSION
The results of the study are shown in Figs. 5 and 6. Figure 5 delineates a case study of the comparative cost of the conventional cable and that of high temperature, superconducting cables, in a large city like Tokyo, using current construction technique and cooling systems, every 5km, as parameters. It was found that the superconducting was cost competitive. It was also observed that the cost of installing a superconductor cable line decreases with time, and, the present cost, with time, reduced to half.
Re-examination of existing data shows that Nigeria experiences the highest transmission losses of 6.81 x 10 15 kWh among African countries and the world. These losses are five to six times what obtain in well-run power systems (Akin, 2008) . Figure 6 shows comparison of transmission loss in a superconducting cable and a conventional cable. Comparing various cable ratings shows that the loss of electric power using a superconductor cable is appropriately half of that when the conventional one is used.
Analysis shows that the use of HTS cables is a panacea to solving the problem of transmission and distribution of electric power in Nigeria with a number of advantages over conventional AC and DC cables (AMSC, 2009) . This has passed the experimental stage as some countries of the world are already encouraging installation and use of HTS cables in electric power transmission (Takato, 2005) .
CONCLUSION
The study has focused principally on the comparison of superconducting cables and conventional ones. The result has revealed that superconducting cables have myriad advantages over the conventional cables. It is, therefore, concluded that to solve the endemic and seemingly intractable problems of transmission and distribution, which have been the bane of our power supply for many decades, Nigeria needs superconductor cables.
